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ABSTRACT 
 
 
Literacy Skills of Preschool Children  
with Hearing Loss 
 
by 
 
 
Nicole Sanders, Master of Science 
 
Utah State University, 2012 
 
 
Major Professor: Dr. Kristina M. Blaiser  
Department: Speech-Language Pathology 
 
 Historically, children with hearing loss have struggled to attain levels of literacy 
commensurate with typical hearing peers (Marschark, 2007), however, due to the use of 
advanced hearing technology (i.e., hearing aids and cochlear implants), children with 
hearing loss have demonstrated improved literacy outcomes (Johnson & Goswami, 
2010).   Standardized literacy, language, cognitive assessments and speech perception 
measures were administered to 11 preschool-age children using either hearing aids or 
cochlear implants.  Descriptive analysis was provided regarding performance on each 
assessment.  Correlations were made between early literacy and speech, language, and 
cognitive standardized test scores, speech perception measures, and hearing-related 
factors.  Results indicated that preschool children with hearing loss are performing within 
the average range on early literacy measures.  There is also variability among children 
with hearing loss on their early literacy performance.  Auditory and visual cognitive 
processing is correlated with early literacy skills.   
(47 pages) 
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Public Abstract 
Literacy Skills of Preschool Children with Hearing Loss 
Nicole Sanders 
 
 It is well documented that children with hearing loss have traditionally performed 
poorly on literacy measures (Mayer, 2007; Wauters, van Bon, & Tellings, 2006) and have 
struggled to attain levels of literacy commensurate with their hearing peers (Marschark, 
2007; Traxler, 2000); however, due to the use of advanced hearing technology (i.e., 
hearing aids and cochlear implants), children with hearing loss have demonstrated 
improved literacy outcomes (Johnson & Goswami, 2010).  The purpose of this study is to 
further understand early literacy skills of preschool children using listening and spoken 
language through evaluation of their performance of on standardized literacy, speech, 
language, cognitive, and speech perception measures, to determine the relationship 
between early literacy, speech and language standardized test scores, and cognition, and 
to determine the relationship between early literacy skills and hearing related factors. 
 
 Standardized literacy, language, and cognitive assessments and speech perception 
measures were administered to 11 preschool-age children using either hearing aids or 
cochlear implants whose communication modality was Listening and Spoken Language.  
The performance of the children with hearing loss; the relationship between early 
literacy, speech and language standardized test scores, and cognition and speech 
perception measures; and relationship between early literacy skills and hearing-related 
factors (i.e., age of amplification, degree of hearing loss, etc.) were measured and 
analyzed.   
 
 The results indicated that compared to standardized norms, children with hearing 
loss performed within the average range on the literacy measure.  A positive correlation 
was found between phonological awareness, language and cognitive measures; print 
knowledge, language and cognitive measures; and definitional vocabulary, language, 
vocabulary, and cognitive measures.  No correlation was found between early literacy 
and hearing-related factors.  Although preschool children with hearing loss are 
performing within the average range on early literacy measures, they are still performing 
lower than typical hearing peers.  There is also variability among children with hearing 
loss of their performance on phonological awareness, print knowledge, and definitional 
vocabulary tasks.  Auditory and visual cognitive processing is correlated with early 
literacy skills. 
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INTRODUCTION 
 
 Early literacy skills are the knowledge that children attain related to reading and 
writing before they receive formal training in school (Most, Aram, & Andorn, 2006).  
These skills are shown to have a major influence on educational achievements and 
academic success (Biancarosa & Snow, 2006; McDonald & Thornley, 2009).  It is well 
documented that children with hearing loss have traditionally performed poorly on 
literacy measures (Mayer, 2007; Wauters, van Bon, & Tellings, 2006) and have struggled 
to attain levels of literacy commensurate with their hearing peers (Marschark, 2007; 
Traxler, 2000).  Early literacy predictors include phonological awareness (James, Rajput, 
Brinton, & Goswami, 2009; Kyle & Harris, 2006; Kyle & Harris, 2011; Mayberry, del 
Giudice, & Lieberman, 2010), print knowledge (Kyle & Harris, 2011; Levin, Patel, 
Margalit, & Barad, 2002; Ross, Treiman, & Bick, 2004), and definitional vocabulary 
(Johnson & Goswami, 2010; Kyle & Harris, 2006).   
Children with hearing loss have demonstrated significant gaps in literacy 
development (Conrad, 1979; Traxler, 2000, Wauters, & van Bon, 2006). This, in part, 
was due to late identification and reduced access to sound. Today, children are routinely 
identified with hearing loss by approximately two months of age and have access to 
sound via advanced hearing technology (e.g., digital hearing aids and/or cochlear 
implants) (White, Forsman, Eichwald, & Muñoz, 2010). With these changes, children 
with hearing loss are developing speech and language skills commensurate with their 
age-matched hearing (e.g., Hayes, Geers, Treiman, & Moog, 2009).  In addition, the 
majority of children identified with hearing loss are using Listening and Spoken 
Language (LSL) as their primary mode of communication (Brown, 2006). 
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The majority of published research examining literacy development of children 
with hearing loss has examined older school-age children who have utilized a 
combination of communication modalities (American Sign Language, Cued Speech, 
Total Communication, and/or Auditory-based communication).  There has been little 
research examining early literacy trends of preschool children using LSL as their primary 
mode of communication. The purpose of this study was to describe early literacy 
performance of preschool children enrolled in an early intervention program utilizing 
LSL.   
 
Phonological Awareness 
 Phonological awareness (PA) is the conscious awareness and understanding of the 
phonological structures of language and the ability to manipulate these structures 
(Scarborough & Brady, 2002).  Phonological awareness development occurs at a very 
early age.  For example, at about 24 months of age, a child may “begin to understand 
that the sound structures of words are separate from their meanings” (Justice & Pence, 
2005, p. 41).  Phonological awareness starts with a simple understanding of the 
segmentation of larger units of sound (i.e., sentences being broken up into words) and 
gradually progresses to an understanding of the segmentation and blending of the 
smallest units of sound (i.e., phonemes).   
 Because the acquisition of phonological awareness is largely influenced by one’s 
ability to access the majority of frequencies across channels, it can be a very difficult 
task for children with hearing loss to obtain this skill.  Researchers have found that 
children with hearing loss use less phonological decoding than their hearing peers 
(Briscoe, Bishop, & Norbury, 2001; Miller, 2005; Most et al., 2006). However, it is 
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possible for children with hearing loss to develop phonological awareness.  Spencer & 
Tomblin (2008) examined phonological awareness development in children using 
cochlear implants (CI).  They discovered that although the mean score for children using 
CIs was lower than their typical hearing (TH) peers on phonological awareness tasks 
(Elision—CI Group: M = 5.06; TH Group: M = 6.03; Rhyme—CI Group: M = 21.07; 
TH Group: M = 23.28), the children using CIs did show understanding of the 
phonological awareness tasks.  In fact, on the rhyming tasks, the majority of children 
using CIs performed with more than 85% accuracy.  In a more recent study by Johnson 
& Goswami (2010), phonological awareness skills were also observed in 2 groups of 
children who received CIs at different ages: one group implanted at an earlier age 
(around 2 ½ -years-old) and one group implanted at a later age (around 5-years-old).  
The control group consisted of peers with TH who matched the reading age of the 
children using CIs.  Similar to the results from Spencer and Tomblin (2008), the TH 
group has significantly higher scores than either CI groups on all tasks.  However, 
children in the earlier implanted group had rhyming skills commensurate to the skills of 
reading matched children.  In addition, the reading skills of the early CI group were 
almost age appropriate (quotient scores between 0.91 and 0.89).  While increased access 
to sound provided improved phonological awareness scores, early implanted children 
still performed lower than their hearing peers.   
 
Print Knowledge 
Print knowledge (PK) is the “understanding of the forms and functions of written 
language and of letters and their corresponding sounds” (Ambrose, Fey, & Eisenberg, 
2012, p. 813).  Print knowledge includes letter-name knowledge, (i.e., ability to name a 
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specific letter when presented visually), letter-sound knowledge (i.e., the ability to link 
the phonetic representation associated with the letters in the alphabet), letter-word 
recognition, and text representation (i.e., whether the words are in lower case or upper 
case) (Hall-Mills & Apel, 2011; Kyle & Harris, 2011).  Print knowledge goes beyond just 
the visual decoding of letters; it also includes the auditory component of linking a visual 
referent to an auditory stimulus.  The auditory (i.e., phonological) factor associated with 
print knowledge has often proved difficult for many children with hearing loss; resulting 
in being outperformed by their age-matched hearing peers in this area (Kyle & Harris, 
2006; Kyle & Harris, 2011).  However, other research shows that children with hearing 
loss who use advanced hearing technology (i.e., hearing aids and CIs) are demonstrating 
age appropriate print knowledge skills (Easterbrooks et al., 2008; Ambrose et al., 2012).   
Ambrose et al. (2012) also examined the relationship between print knowledge 
and commonly given speech/language assessments for 24 children using CIs and 23 
children with TH.  Ambrose et al. (2012) used the Auditory Comprehension and 
Expressive Communication subscales of the Preschool Language Scale—Fourth Edition 
(PLS-4; Zimmerman, Steiner, & Pond, 2002) to measure language comprehension and 
expression; the Peabody Picture Vocabulary Test—Fourth Edition (PPVT-4; Dunn & 
Dunn, 2007) to examine receptive vocabulary; the Goldman Fristoe Test of 
Articulation—Second Edition (GFTA-2; Goldman and Fristoe, 2000) to assess speech 
production, and the Play Assessment of Speech Pattern  Contrasts (PLAYSPAC; 
Boothroyd, Eisenberg, & Martinez; 2006) to measure speech perception. Results 
indicated that children who used CIs, although they differed by over one standard 
deviation on speech and language tasks in comparison to their TH peers, performed 
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within normal limits in their print knowledge task (CI M = 99.25, SD = 16.90; TH M = 
101.9, SD = 16.09).  There was a statistically significant positive relationship between the 
print knowledge and the language expression (r = .50, p < .05), receptive vocabulary (r = 
.47, p < .05), speech production (r = .46, p < .05), and speech perception tasks (r = .44, p 
< .05).   
 
Definitional Vocabulary 
 Definitional vocabulary refers to the words used in spoken or written language.  
Both receptive and expressive vocabulary plays a vital role in reading and comprehension 
(Johnson & Goswami, 2010; Kyle & Harris, 2010).  In a three year longitudinal study, 
Kyle & Harris (2010) analyzed the reading abilities of 29 children using either hearing 
aids (HA) or CIs.   They found that expressive vocabulary, as measured by the Productive 
Vocabulary subtest from the British Ability Scales II (BAS II; Elliot, Smith, & 
McCulloch, 1996), was the “strongest and most consistent longitudinal predictor of later 
reading achievement and growth” (p. 239).  Additionally, children with reading delays 
who had better vocabulary than the other children with delays demonstrated improved 
reading skills over time (Kyle & Harris, 2010).      
 Because written language is an extension of spoken language, it is very beneficial 
to have knowledge of spoken vocabulary during the process of literacy development 
(Hermans, Knoors, Ormel, & Verhoeven, 2008).  Children with hearing loss have been 
reported to have a smaller spoken vocabulary than their hearing counterparts (Blamey, 
2003; Boekel, van Eeten, Overgauw, & Quak, 2006).  However, with the advent of earlier 
identification of hearing loss and earlier use of advanced hearing technology, the 
language and vocabulary skills of children with hearing loss have increased (Connor, 
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Craig, Raudenbush, Heavner, & Zwolan, 2006; Svirsky, Stallings, Lento, Ying, & 
Leonard, 2002).  Connor et al. (2006) assessed the rate of growth of expressive and 
receptive vocabulary skills of 100 children who had received CIs between the ages of 1- 
and 10-years and had 1- to 12-years of device experience. The researchers found that 
children who received their implants after 5- years of age demonstrated slower rates of 
growth than those who received their implants at earlier ages (e.g., before 5- years old).  
This suggests that the uses of advanced hearing technology and device experience are 
important factors in the developing vocabulary skills of children with hearing loss.   
 
Relationship between Hearing and Early Literacy Predictors 
The early literacy predictors phonological awareness, print knowledge, and 
definitional vocabulary are important parts of the developing literacy skills for children 
with hearing loss.  Overall, there is a positive relationship between the development of 
these early literacy predictors and early use of advanced hearing technology (e.g., early 
access to sound).  Children who are amplified and/or implanted at an earlier age 
demonstrate more age-appropriate literacy skills (i.e., higher phonological awareness 
skills and larger vocabularies).  In addition, the reading skills of the early CI group were 
almost age appropriate (quotient scores between 0.91 and 0.89) in comparison to the 
those who were amplified and/or implanted later (Johnson & Goswami, 2010; Connor et 
al., 2006; Svirsky et al., 2002).  Many researchers have found that not only early access 
to sound, but also other hearing related factors, such as length of technology use, age 
enrolled in early intervention, and mode of communication may influence the literacy 
development of children with hearing loss (Connor et al., 2006; James, Rajput, Brinton, 
& Goswami, 2007; Spencer et al., 2003). 
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In a study examining the relationship between language development and literacy 
skills of 16 children with CIs and 16 children with TH, Spencer et al. (2003) found that 
children with CIs, who had been implanted before the age of two, scored in the average 
range (within 1 standard deviation) similar to their TH peers on language, reading 
comprehension, and writing assessments.  This finding supports other studies 
demonstrating earlier implantation and longer use of cochlear implants have resulted in 
improved performance in language and literacy (Hayes et al., 2009; James et al., 2007; 
Moeller, 2000; Yoshinaga-Itano, 2003).  James et al. (2007) examined the effect of age at 
implantation on phonological awareness, vocabulary, and reading in 19 children with 
congenital hearing loss, nine of whom had been implanted early (between 2- to 3 ½ -
years-old) and 10 of whom had been implanted later (between 5- to 7-years-old).  This 
study also examined the impact of factors such as duration of implant use, pre-implant 
language level and hearing impairment, early intervention, and communication mode.  
James et al. concluded that, while both groups made progress over time, the group 
implanted earlier had higher levels of phonological awareness and made greater progress 
between times of assessment.   
 Thus, early access to sound and early intervention are crucial factors in the 
developing literacy skills of children with hearing loss.  There are a limited number of 
studies examining the relationship between hearing factors and literacy outcomes of 
preschool children with hearing loss.  While outcomes have been linked to speech and 
language measures, there is little research examining the relationship between early 
literacy and cognitive measures.  Existing literature that has analyzed the cognitive skills 
of children with hearing loss has indicated that performance on nonverbal cognitive 
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measures is an effective predictor of the child’s verbal performance (Dawson, Busby, 
McKay, & Clark, 2002; Geers, 2003; Geers, Nicholas, & Sedey, 2003).  Furthermore, 
Spencer & Tomblin (2009) found a positive relationship between the phonological 
processing skills (i.e., rapid naming) and reading skills of children with hearing loss. This 
suggests there is a relationship between cognition and literacy.  Researchers have found 
that both visual and auditory cognitive processing are involved during early literacy 
development (Easterbrooks et al., 2008; Mayberry et al., 2010; Most et al., 2006)  Older 
children with hearing loss (school-age through college-age) often rely more on visual 
than auditory means in literacy development (Miller, 2006; Olson & Caramazza, 2004; 
Ormel, Hermans, Knoors, & Verhoeven, 2010).  To better examine the relationship 
between cognitive processing and early literacy development, auditory- and visual-based 
cognitive processing tasks were added to the assessment battery.    
 
Objective 
 The main objective of this research is to further understand early literacy skills of 
preschool children using LSL through evaluation of their performance on standardized 
literacy, speech, language, cognitive, and speech perception measures, to determine the 
relationship between early literacy, speech and language standardized test scores, and 
cognition, and to determine the relationship between early literacy skills and hearing 
related factors.  The following research questions were posed: 
1) What is the performance of preschool children with hearing loss, enrolled in a 
LSL program, on a standardized early literacy measure (phonological awareness, 
print knowledge, and definitional vocabulary)?  
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2) What is the relationship between early literacy, speech and language standardized 
test scores, cognition and speech perception? 
3) What is the relationship between early literacy skills and hearing-related factors? 
 
METHODS 
 
 The study methods were reviewed and approved by the Utah State University 
Institutional Review Board. 
 
Analytic Strategy 
The strategies used to answer the research questions posed are as follows: 
1) What is the performance of preschool children with hearing loss on a standardized 
early literacy measure? A descriptive analysis was used to provide information 
about each child’s performance in the areas of phonological awareness, print 
knowledge, and definitional vocabulary.   Statistical information will also be 
provided to analyze the participants’ performance in comparison to their hearing 
peers. 
2) What is the relationship between early literacy, speech and language standardized 
test scores, cognition, and speech perception? A descriptive and correlational 
analysis was used to analyze relationships between phonological awareness, print 
knowledge, and definitional vocabulary and speech, language, and cognitive 
standardized tests.   
3) What is the relationship between early literacy skills and hearing-related factors 
(i.e., age of amplification, degree of hearing loss, etc.)?  A descriptive and 
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correlational analysis was used to provide information about early literacy skills 
and its relation to hearing-related factors.   
 
Participants 
 Eleven preschool children between the ages of 36 months to 60 months (M = 
49.09, SD = 7.58) with hearing loss were included in this study.  There were six males 
and five females.  All of the children attended a full-day LSL preschool program. The 
average age of amplification was 14.81 months (SD = 14.63).  The average age of 
identification was 7.18 months (SD = 15.64).  The average length of early intervention 
services was 36.05 months.  The average age of entering the LSL program was 33.55 
months (SD = 14.36).  Six of the participants were amplified with HAs, two were 
amplified with a bone-anchored hearing aid (BAHA), and three used CIs.  All children 
using HAs and CIs were fit bilaterally. The children using BAHA devices were fit 
unilaterally.  The participants’ degree of hearing loss ranged from mild to profound.  The 
primary language for each of the participants was English.  Additional participant 
characteristics, including standard scores on non-literacy assessments, are presented in 
Table 1. For information about the education of the participants’ parents, see Figure 1.  
 
Test Measures 
 A variety of tests were administered to the participants.  The battery of 
assessments measured literacy, language, vocabulary, articulation, and cognition.  The 
primary rationale for administering these tests was to cover all areas of language and 
literacy through both auditory and visual means.  Additional information regarding the 
subtests, domain, and age range for each test is provided in Table 2. 
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 Literacy Assessment. The literacy assessment administered was the Test of 
Preschool Early Literacy (TOPEL, Lonigan, Wagner, Torgesen, & Rashotte, 2007).  This 
test is divided into three subtests: Phonological Awareness, Print Knowledge, and 
Definitional Vocabulary.  All three subtests were administered to the participants.    
 Language Assessments. The Clinical Evaluation of Language Fundamentals 
Preschool-2 (CELF Preschool-2, Wiig, Secord, & Semel, 2006) and the Preschool 
Language Scale—Fifth Edition (PLS-5, Zimmerman, Steiner, & Pond, 2011) were used 
to measure the participants’ language level.  The CELF Preschool-2 is specifically 
designed for preschool aged children.  This test assesses the following areas: Core 
Language, Receptive Language, Expressive Language, Language Content, and Language 
Structure.  All age appropriate subtests were administered.  The PLS-5 is an interactive 
and play based assessment.  This test assesses the Auditory Comprehension and 
Expressive Communication of children.  Both portions were used to assess the 
participants.   
 Vocabulary Assessments. Two assessments were administered to evaluate 
expressive and receptive vocabulary.  The Expressive One-Word Picture Vocabulary 
Test-4th Edition (EOWPVT-4, Martin & Brownell, 2011) was used to measured 
expressive vocabulary.  Pictures were presented and each participant used one word to 
name the picture.  The Peabody Picture Vocabulary Test, 4th Edition (PPVT-4, Dunn & 
Dunn, 2007) was used to measure receptive vocabulary.  Multiple pictures were 
presented on each page and the participants were required to point to the item the 
clinician named. 
12	  
 
 Articulation Assessment. The Goldman-Fristoe Test of Articulation 2 (GFTA-2, 
Goldman & Fristoe, 2000) was administered to evaluate speech production.  The purpose 
of this test is to assess both spontaneous and imitated sounds produced.  Pictures were 
presented and the participants named each object.  Errors were recorded for each 
mispronunciation or omission of target sounds.  The types of articulation errors were 
identified, scored, and compared with national gender-differentiated norms.   
 Cognitive Assessments. Three assessments, Woodcock-Johnson III: Test of 
Achievement (TOA, Woodcock, McGrew, & Mather, 2001) Woodcock-Johnson III: Test 
of Cognitive Abilities (TOC, Woodcock, McGrew, & Mather, 2001) and Leiter 
International Performance Scale-Revised (Leiter-R, Roid & Miller, 1997) were used to 
measure the participants’ auditory and visual cognitive processing.  The TOA and TOC 
are norm-referenced battery of tests which analyzes various measures of reading ability 
using both visual and auditory means.  They are diagnostic reading tests that are 
administered individually.  Three subtests were used from the TOA: Letter/Word 
Identification, Word Attack, Spelling and two subtests from the TOC were used: Rapid 
Naming and Auditory Working Memory.  The Leiter-R is a completely nonverbal 
assessment.  Visual presentation of the measure is used to assess cognitive processing, 
including reasoning, visualization, memory, and attention.  The Visual Working Memory 
subtest was used for this study.   
 Speech Perception Assessment. The assessment used for speech perception was 
the Phonetically Balanced Kindergarten Test (PBK; Haskins, 1949).  This is an open-set 
speech perception test which assesses spoken word recognition or speech perception 
performance.   This assessment was performed by an audiology student trained to work 
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with children with hearing loss.  The testing was performed in the sound booth.  The 
hearing aids and cochlear implants were set for appropriate audibility and verified 
through the Ling Sounds.  The raw score of this test represents the number of 
words/phonemes that were correctly identified.   
 
Procedure 
 Testing was completed in the Spring of 2012.  The testing was administered by 
certified speech language pathologists and graduate students in the speech-language 
pathology program who had reviewed the manuals and who had been trained in the 
administration of each test.  The standardized tests were administered and scored in 
accordance with the procedures specified in the test manuals without modification.  Each 
speech language pathologist and graduate students had received training in working with 
children with hearing loss.  The testing was performed in separate, quiet therapy rooms in 
a clinical setting.  Each child participated in 2- to 3-testing sessions a week, for 45 
minutes.  The Ling 6 sounds were presented before each testing session to ensure proper 
functioning of each child’s hearing device.  The tests were administered in English.  On 
expressive portions of testing, only spoken responses were accepted.  The assessments 
were completed within one month from the beginning of testing.  Once the tests were 
completed and scored by the person who administered the tests, the all of the tests, with 
the exception of the speech perception test (PBK), were rescored by two different scorers 
to ensure accuracy of the scoring.  To ensure accuracy of data input, five participants 
were chosen at random and double checked by the researcher.  The accuracy for each 
participant’s data was 100%.  A number code was used in place of each child’s name to 
14	  
 
ensure confidentiality for each participant.  The individual transferring the scores from 
the test protocols to the database was not involved in administration of the tests.   
 
RESULTS 
 
Question 1: What is the performance of preschool children with hearing loss on a 
standardized early literacy measure (phonological awareness, print knowledge, and 
definitional vocabulary)?  
 Phonological Awareness. On average, children with hearing loss demonstrated 
skills that were within normal limits (M = 95.45, SD = 14.42) when compared to the 
norms provided on the Phonological Awareness subtest of the TOPEL (Lonigan et al., 
2007). As shown in Figure 2, seven children were within normal limits (i.e., a standard 
score of 85-115), one was above normal limits (i.e., a standard score over 115), and three 
were below normal limits (i.e., a standard score below 85). 
 Print Knowledge. On average, children with hearing loss demonstrated skills that 
were within normal limits (M = 90.64, SD = 12.54) when compared to the norms 
provided on the Print Knowledge subtest of the TOPEL (Lonigan et al., 2007). As 
illustrated in Figure 3, seven children were within normal limits (i.e., a standard score of 
85-115), one was above normal limits (i.e., a standard score over 115), and three were 
below normal limits (i.e., a standard score below 85).  
 Definitional Vocabulary. Children with hearing loss demonstrated skills that 
were within normal limits (M = 96.73, SD = 18.30) when compared to the norms 
provided on the Definitional Vocabulary subtest of the TOPEL (Lonigan et al., 2007). As 
shown in Figure 4, eight children were within or above normal limits (i.e., a standard 
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score of 85-115 or above), and three were below normal limits (i.e., a standard score 
below 85). 
 
Overall Literacy Performance 
 On average, children with hearing loss in this sample performed within normal 
limits on the standardized literacy assessment on all subtests.  As shown in Figure 6, the 
children performed the highest on definitional vocabulary (M = 96.73) closely followed 
by phonological awareness (M = 95.45).  The children performed lowest on print 
knowledge (M = 90.64).  Individual performance on each subtest varied between 
subjects.  Additional information about individual performance is provided in Figure 5.   
 
Question 2: What is the relationship between early literacy, speech and language 
standardized test scores, and cognition? 
 Phonological Awareness. As shown in Table 3 and 4, phonological awareness 
was significantly correlated with auditory comprehension (r =.70, p < .05), expressive 
communication (r =.67, p < .05), receptive language (r =.80, p < .01), language content (r 
=.78, p < .01), receptive vocabulary (r =.77, p < .01), rapid naming (r =.69, p < .05), 
word ID (r =.67, p < .05), and spelling (r =.74, p < .05).  There were statistically 
significant correlations between phonological awareness and speech production and 
speech perception. 
 Print Knowledge. As shown in Table 3 and 4, print knowledge was significantly 
correlated with auditory comprehension (r =.69, p < .05), expressive communication (r 
=.65, p < .05), language structure (r =.65, p < .05), receptive vocabulary (r =.29, p < .05), 
rapid naming (r =.66, p < .05), word ID (r =.84, p < .01), spelling (r =.67, p < .05), and 
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word attack (r =.88, p < .01).  There were no correlations between print knowledge and 
speech production and speech perception. 
 Definitional Vocabulary.  As shown in Table 3 and 4, definitional vocabulary 
was significantly correlated with auditory comprehension (r =.81, p < .01), expressive 
communication (r =.67, p < .05), core language (r =.90, p < .01) expressive language (r 
=.83, p < .01), receptive language (r =.75, p < .01), language content (r =.77, p < .01), 
language structure (r =.91, p < .01), expressive vocabulary (r =.79, p < .01), receptive 
vocabulary (r =.74, p < .01), visual working memory (r =.90, p < .01), and rapid naming 
(r =.86, p < .01). There were no correlations between definitional vocabulary and speech 
production and speech perception. 
  
Question 3: What is the relationship between early literacy skills and hearing-related 
factors? 
 Hearing related factors. There were no significant correlations between hearing 
related factors and phonological awareness and print knowledge.  As shown in Table 5, 
the only significant correlation was between definitional vocabulary and age at testing (r 
= .69, p < .05).  
 
DISCUSSION 
 
 Phonological awareness, print knowledge, and definitional vocabulary are all 
measures of literacy.  With newborn hearing screening and early intervention, it is now 
possible to assess early literacy development at younger ages.  The Test of Preschool 
Early Literacy (Lonigan et al., 2007) provides speech-language pathologists and early 
intervention providers with a tool to examine how children with hearing loss perform 
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compared to their age-matched hearing peers.  Previously, children with hearing loss 
have performed lower than TH peers on literacy measures.  Recent studies have analyzed 
the literacy performance of children using advanced hearing technology and researchers 
have found an overall increase in performance.  However, the majority of research has 
included school-age children using a variety of communication modalities and many of 
whom were amplified and/or implanted later in life.  As a result, there is limited 
knowledge about the early literacy development of preschool-age children who use LSL.  
The purpose of this study was to provide more information about the early literacy 
development of this population by examining their performance on standardized literacy, 
speech, language, and cognitive assessments and speech perception measures, 
determining the relationship of the literacy assessment with the standardized and speech 
perception assessments, and determining the relationship between early literacy skills and 
hearing related factors.   
The current study found that most preschool children with hearing loss in this 
sample are performing in the average range on early literacy assessments; however, there 
are still differences between their performance and the performance of age-matched 
hearing peers.  These findings are consistent with prior studies examining the early 
literacy skills of children with hearing loss, all of which have found that children with 
hearing loss are being outperformed by TH peers (Ambrose et al., 2012; DesJardin, 
Ambrose, & Eisenberg, 2008; Johnson & Goswami, 2010; Spencer & Tomblin, 2008).     
The participants in this study performed best on definitional vocabulary (M = 
96.73) closely followed by phonological awareness (M = 95.45).  The participants 
demonstrated the lowest performance on print knowledge (M = 90.64) as shown in 
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Figure 6.  As presented in Figure 7, the results of the children’s performance on 
phonological awareness and print knowledge in the present study do not follow the same 
pattern as the results of Ambrose et al. (2012) where children performed better on print 
knowledge (M = 99.25) than phonological awareness (M = 87.33).  The primary 
difference between these two studies was that the Ambrose et al. study only included 
children with CIs and the current study included children with HAs and CIs.  There also 
could have been differences between early intervention programs and the emphasis 
placed on each area of literacy in this study in comparison to those used with the 
Ambrose et al. study.  However, these findings could also indicate variability of 
performance within children with hearing loss.  There was noted variability between the 
participants of the current study who all attend the same early intervention program as 
shown in Figure 5.  This suggests that factors influencing phonological awareness and 
print knowledge variability could be related to other external factors such as family 
involvement, the child’s exposure to literacy, and hearing related factors.   
As presented in Figure 5, there was also not a clear pattern of performance on the 
early literacy measures within our participants.  It is unknown how these differences will 
result over time in terms of later literacy development.  It is also unknown which literacy 
skill (phonological awareness, print knowledge, or definitional vocabulary) will play the 
most prominent role in literacy develop and academic success.  Further longitudinal 
research is needed to provide more information about literacy performance of children 
with hearing loss. 
Phonological awareness, print knowledge, and definitional vocabulary were all 
positively correlated with auditory comprehension and expressive communication and/or 
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receptive and expressive language as shown in Table 3.   Both subtests of the PLS-5 
(Zimmerman et al., 2011), auditory comprehension and expressive communication, were 
positively correlated with phonological awareness, print knowledge, and definitional 
vocabulary as shown in Table 3.  Both standardized language assessments (e.g., CELF-2 
and PLS-5) were strongly correlated with definitional vocabulary; however, the PLS-5 
may be more sensitive to phonological awareness and print knowledge.  The PLS-5 was 
also correlated with each of the remaining language and vocabulary measures.  These 
findings are important because there are many different standardized language 
assessments available for early intervention teams to use in assessing children with 
hearing loss.  The goal is to use assessments that provide the most information about the 
child’s development.  The findings of this study suggest that the PLS-5 is a functional 
assessment in evaluating the performance of children with hearing loss.   
The strongest correlations were found between definitional vocabulary and the 
standardized assessments.  As presented in Table 3, the majority of the correlations were 
found within the language and vocabulary batteries.   This is no surprise given that 
vocabulary knowledge is a large part of the standardized language and vocabulary 
assessments.  As shown in Table 4, a relationship was also found between definitional 
vocabulary and visual cognitive tasks: Rapid Naming and Visual Working Memory.  This 
suggests that visual processing is related to definitional vocabulary performance.  As a 
result, it may be beneficial for children with hearing loss to use visuals (i.e., pictures or 
words) when learning new vocabulary.   
The visual cognitive subtest, Rapid Naming, was positively correlated with 
phonological awareness, print knowledge, and definitional vocabulary as shown in Table 
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4.  During the Rapid Naming task, participants were asked to name as many pictures as 
possible in a certain time frame.  Rapid Naming requires the ability to comprehend a 
visual message and produce a verbal response under a time constraint.  Phonological 
awareness, print knowledge, and definitional vocabulary rely on the same processing.  A 
word that is read silently requires phonological awareness and print to visually see the 
letters and put the letters into a word; definitional vocabulary is used to attach a meaning 
to the word.  Thus, efficiency of visual processing is positively linked to literacy skills. 
Word ID, another visual cognitive subtest, was positively correlated with 
phonological awareness and print knowledge as shown in Table 4.  Word ID assessed the 
participants’ abilities to recognize words at sight.  As phonological awareness requires an 
understanding of how sounds are associated with letters and print knowledge is the 
recognition of those letters and sounds, it is logical that they would be correlated with 
sight word recognition.  This indicates that the development phonological awareness and 
phonological may have an influence on a child’s ability to sight read words.   
A positive correlation existed between print knowledge and the auditory cognitive 
subtest Word Attack as shown in Table 4.  Word attack assessed the participants’ use of 
phonics to identify unfamiliar words.  Although a positive correlation was shown to exist 
between Word Attack and print knowledge, it is not significant.  The reason Word Attack 
is not significant with any of the literacy measures is because the majority of children 
could not even perform the task and as a result, obtained poor score on this measure (i.e., 
score of 0).   
There were no statistically significant correlations between literacy skills and 
hearing related factors.  These findings are contrary to many other studies that have found 
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these correlations (Connor et al., 2006; Hayes et al., 2009; James et al., 2007; Moeller, 
2000; Spencer et al., 2003; Yoshinaga-Itano, 2003).  Further research is needed to 
investigate this trend to more clearly define the relationship between early intervention 
programming and early literacy outcomes.  
There were three participants in the study who performed the lowest in each of the 
three areas of literacy.  Additional details concerning these participants’ device type, age 
of amplification, age of early intervention, age at testing, language scores, and early 
literacy scores are provided in Table 6.  
 
Study Limitations 
 There were several limitations to this study that could affect the clinical 
implications.  First, the sample size was small; as a result it serves as an exploratory study 
which provides some insights about this population of children.  Next, there was a very 
high variability among children.  All of the children at the early intervention preschool 
were included regardless of their age of identification, device experience, and length of 
intervention.  The purpose of the preschool is to provide extensive service and support to 
families and children.  Consequently many families with children who had complicated 
histories or who had limited progress in other settings chose to come to this preschool.  
As a result, there was a high variability of skills among the children.  Last, although 
parent’s education level was obtained, more information about each participant’s literacy 
exposure and experiences outside of school would have been helpful to determine the 
effects of home environments on literacy development.   
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Clinical Implications 
Despite the limitations of the study, several implications can be drawn from the 
results.  First, there is a gap between the literary performances of children with hearing 
loss in comparison to TH peers.  It is unknown whether this gap will narrow or widen 
over time and whether or not steps can be taken to reduce this gap.  As such, further 
longitudinal research is needed to assess patterns and changes over time.  It would also be 
beneficial to determine what external factors (e.g., parent literacy) may influence the 
development and maintenance of literacy skills.  Next, there is a variability of 
performance in the different areas of literacy.  Due to this variability, it is impossible to 
generalize that all children with hearing loss will have weakness in one area of literacy 
over another.  It is common for early intervention programs and other programs providing 
service to children with hearing loss to administer a battery of assessments to measure 
progress. These assessments typically measure language, vocabulary, and speech 
production.  It might be advantageous to include an early literacy assessment in the test 
batteries.  This would provide information about possible areas of weakness and give 
direction for program focus and curriculum.  Last, auditory and visual cognitive 
processing was correlated with early literacy skills.  The inclusion of both auditory and 
visual components during literary teaching could be beneficial to literacy development.  
Overall, further longitudinal research is needed to provide more insight about the 
developing literacy skills of children with hearing loss.   
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 Table 1. Additional Characteristics of Participants 
 
 
Variable M  SD  
Age at testing (months)  49.09  7.58  
Age of identification (months)  7.18  15.64  
Age of amplification (CI or HA) (months)  14.81  14.63  
Device experience (months)  34.27  17.18  
Age of Early Intervention (months)  13.04  16.65  
Age entered Sound Beginnings  33.55  14.36  
Auditory Comprehension—PLS-5  (SS)  92.81  13.36  
Expressive Communication –PLS-5 (SS)  90.18  10.86  
Receptive vocabulary—PPVT-4 (SS)  96.00  10.96  
Speech production –GFTA-2 (SS)  84.18  18.87  
Speech perception—PBK (Raw)  108.00  38.38  
Note. SS = standard score, with a mean of 100 and a standard deviation of 15; Raw = raw score of test  
PLS-5 = Preschool Language Scale—Fifth Edition (Zimmerman, Steiner, & Pond, 2011)  
PPVT-4 =  Peabody Picture Vocabulary Test, 4th Edition (Dunn & Dunn, 2007)  
GFTA = Goldman-Fristoe Test of Articulation 2 (Goldman & Fristoe, 2000)  
PBK = Phonetically Balanced Kindergarten Test  (Haskins, 1949)  
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 Table 2. Standardized Test Authors, Subtests, Domains, and Age Range 
 
Test  Authors  Subtest  Domain  Age 
Range  
Test of Preschool Early 
Literacy (TOPEL)  
Lonigan, Wagner, 
Torgesen, & 
Rashotte, 2007  
Phonological 
Awareness  
Elision and blending abilities Ages: 
3;0-5;0  
  Print Knowledge  Alphabetic knowledge and 
early knowledge about 
written language conventions 
and form  
 
  Definitional 
Vocabulary  
Single-word oral vocabulary 
and definitional vocabulary 
(both surface and deep 
vocabulary)  
 
Core Language  Overall Language 
Performance  
Ages: 
3;0-6;0	   
Receptive 
Language  
Receptive language 
including comprehension 
and listening  
 
Clinical Evaluation of 
Language Fundamentals 
Preschool-2 (CELF 
Preschool-2) 
 Wiig, Secord, & 
Semel, 2006  
Expressive 
Language  
Expressive language 
including oral language 
expression  
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Language 
Content  
Semantic Knowledge     
Language 
Structure  
Understanding and 
production of syntax and 
morphology  
 
Auditory 
Comprehension 
Response to stimuli in the 
environment and  the 
understanding of basic 
vocabulary and gestures 
 
Ages: 
Birth to 
6;11  
Preschool Language 
Scale—Fifth Edition 
(PLS-5)     
 Zimmerman, 
Steiner, & Pond, 
2011 
Expressive 
Communication  
Social communication and 
expressive language skills   
Expressive One-Word 
Picture Vocabulary 
Test-4th Edition 
(EOWPVT-4)  
Martin & 
Brownell, 2011  
NA  Expressive Vocabulary  Ages: 
2;0-80+  
 
Peabody Picture 
Vocabulary Test, 4th 
Edition (PPVT-4)  
 
Dunn & Dunn, 
2007  
 
NA  
 
Receptive Vocabulary  
 
Ages: 
2;0-80+  
Goldman Fristoe Test of 
Articulation 2 (GFTA-2)       
 Goldman & 
Fristoe, 2000  
NA  Speech production  Ages: 
2;0-21 
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Woodcock-Johnson III: 
Test of Achievement 
(TOA) 
Woodcock, 
McGrew, & 
Mather, 2001 
Letter 
Identification  
Ability to recognize upper 
and lowercase letters 
Ages: 
5;0 to 
75+  
  Word 
Identification  
Ability to recognize words at 
sight  
 
  Word Attack  Ability to use phonics and 
structural  
analysis to identify 
unfamiliar words 
 
  Spelling  Ability to write specific 
letters and words  
 
Woodcock-Johnson III: 
Test of Cognitive 
Abilities (TOC) 
Woodcock, 
McGrew, & 
Mather, 2001 
Rapid Naming  Efficiency of processing   
  Auditory 
Working 
Memory  
Memory efficiency through 
auditory input  
 
Leiter International 
Performance Scale-
Revised (Leiter-R)  
Roid & Miller, 
1997)  
Visual Working 
Memory  
Cognitive processing  Ages: 
2;0 to 
20;0  
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 Table 3. Correlations Among Literacy Assessments, Language and Vocabulary Assessments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variable  1  2  3  4  5  6  7  8  9  10  11  12  
1. Phonological Awareness  --  .40  .50  .46  .38  .80**  .78**  .58  .53  .52  .70*  .67*  
2. Print Knowledge   --  .56  .53  .60  .53  .59  .65*  .44  .22  .69*  .65*  
3. Definitional Vocabulary   --  .90**  .83**  .75**  .77**  .91**  .79**  .74**  .81**  .74*  
4. Core Language 
(CELF-2)     --  .96**  .7**  .85**  .95**  .61*  .75**  .81**  .87**  
5. Expressive Language 
(CELF-2)      --  .60  .78**  .95**  .46  .59  .77**  .89**  
6. Receptive Language 
(CELF-2)       --  .91**  .76**  .71*  .79**  .91**  . 74**  
7. Language Content 
(CELF-2)        --  .86**  .56  .73*  .88**  .88**  
8. Language Structure 
(CELF-2)         --  .63*  .67*  .88**  .91**  
9.  Expressive Vocabulary 
(EOWPVT)          --  .81**  .76**  .56  
10. Receptive Vocabulary 
(PPVT)           --  .79**  .69*  
11. Language Comprehension 
(PLS-5)            --  .90**  
12. Language Expression 
(PLS-5)             --  
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).  
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 Table 4. Correlations Among Literacy Assessments and Cognitive Assessments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variable  1  2  3  4  5  6  7  8  9  
1. Phonological Awareness  --  .40  .50  .48  .69*  .42  .67*  .74*  .06  
2. Print Knowledge   --  .56  .58  .66*  .05  .84**  .67*  .88**  
3. Definitional Vocab.    --  .90**  .86**  .56  .54  .58  .35  
4. Visual Working Memory 
(Leiter-R)    --  .90**  .34  .53  .54  .34  
5. Rapid Naming (TOA)     --  .41  .70*  .60  .41  
6. Auditory Memory (TOC)      --  .42  .34  .03  
7. WJ Word ID (TOA)       --  .82**  .73*  
8. WJ Spelling (TOA)        --  .42  
9.  WJ Word Attack (TOA)         --  
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed).  
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 Table 5. Correlations Among Literacy Assessments and Hearing Related Factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variable  1  2  3  4  5  6  7  8  
1. Phonological Awareness  --  .39  .49  -.15  .13  .14  -.18  .03  
2. Print Knowledge   --  .56  .20  -.08  -.15  .22  -.19  
3. Definitional Vocabulary    --  .69*  .32  .26  .06  .10  
4. Age at testing     --  -.09  -.11  .53  -.19  
5. Age DX      --  .78**  -.70*  .80*  
6. Age of Amplification       --  .90**  .90**  
7. Device Experience        --  -.85**  
8. Age of Early Intervention         --  
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed).  
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Table 6. Device Type, Age of Amplification, Early Intervention, Language Scores, & Early Literacy Scores for the 3 Lowest   
Scoring Participants 
 
Variable Participants 
 Participant 10020 Participant 20022 Participant 10016 
Device Type CI CI BAHA 
Age of Amplification 
(months) 
2 1 34 
Age of Early Intervention 
(months) 
1 1 32 
Age at testing (months) 55 39 46 
Language Comprehension 
(PLS) 
77 69 80 
Language Expression (PLS) 72 74 88 
Phonological Awareness 
(TOPEL) 
 
63 81 84 
Print Knowledge 
(TOPEL) 
 
75 88 81 
Definitional Vocabulary 
(TOPEL) 
84 61 79 
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 Figure 1. Educational Level of Participants’ Parents 
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 Figure 2. PA Standard Scores of Each Participant.  Scores are displayed from left to right in order of lowest to highest. 
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Figure 3. PK Standard Scores of Each Participant.  Scores are displayed from left to right in order of lowest to highest. 
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 Figure 4. DV Standard Scores for Each Participant.  Scores are displayed from left to right in order of lowest to highest. 
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 Figure 5. PA, PK, and DV Standard Scores for for Each Participant 
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 Figure 6. PA, PK, and DV Mean Standard Scores 
 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
10020 20022 10016 20021 0.0009 10018 10019 10017 90006 0.0012 2015 
St
an
da
rd
 S
co
re
 
Participant ID Number 
PA, PK, and DV Standard Scores 
PA	  
PK	  
DV	  
46	  
 
 
 
 Figure 7.  PA and PK Standard Scores Comparison 
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